This systematic literature review evaluated the methodological quality of studies measuring noise in neonatal intensive care units. A manual and also electronic search in the Medline, Scielo, Lilacs, BDENF, WHOLIS, BDTD, Science Direct, NCBI and Scirus databases resulted in 40 studies that met the criterion "measuring noise in neonatal units and/or incubators".
Introduction
The use of technology to care for newborns has improved survival though it has also transformed neonatal intensive care units (NICU) into very noisy places (1) (2) . Noise in these places can affect newborns, increasing their heart rate and respiratory frequency, dropping their oxygen saturation, diminishing the duration of their sleep state and hindering their ability to stay in a deep sleep state, and also causing alterations in their motor activity (3) (4) . Health organizations and experts have tried to establish guidelines limiting the levels of noise in NICUs.
WHO recommends that noise in hospital facilities should not exceed 30 dB(A) (5) . The American interdisciplinary committee indicates acoustic treatment so that habitual noise does not exceed the recommended parameters:
hourly Leq of 45 dB(A), hourly L10 50 dB(A), and Lmax de 65 dB(A) (6) . indicates that levels up to 45 dB(A) are acceptable for nursery wards but do not specify limits for NICUs (7) . Even though knowledge concerning damage caused by early exposure to high levels of noise needs to be improved, stays longer than 48 hours in NICUs are already considered a risk factor for infants' hearing impairment (8) (9) . Additionally, changes observed in the development of newborns have encouraged the implementation of new approaches in care delivery that include rebuilding the physical environment of NICUs, especially in relation to the monitoring and control of noise levels. This is an issue to which both Brazilian (10) and international (1, 4) nursing professionals have considerably contributed.
Given the potential risks to the patients cared for in NICUs posed by noises, the sound levels of these facilities need to be known. This knowledge is essential in order to implement changes that enable controlling and reducing noises. Given the physical characteristics of these facilities, quantity of equipment and transit of personnel, measuring the level of noise in NICUs is a complex task and a significant challenge.
Some authors (11) (12) and organizations (13) have studied theoretical concepts of acoustic and methodological issues that meet the specificity of this measurement. were also searched, as were the references cited in the selected papers, from a manual search and consultations with experts.
The retrieved studies were first screened through their titles. Afterwards, the abstracts of the identified studies were read considering the inclusion criterion "measuring noise in neonatal intensive care units and/ or incubators", which resulted in a set of studies that were then fully read and only those that actually met the criterion were included in the study. In addition to the studies that did not meet the criterion, literature reviews, research notes, editorial notes and letters to the readers were excluded.
An instrument was developed to evaluate the methodological quality (14) of the studies based on a review of the literature on acoustics, the Brazilian standards and citations of relevant international standards, and on discussions with experts on neonatology, epidemiology, and engineering in acoustics.
The instrument was content-validated by three experts in neonatology and three experts in acoustics through a questionnaire. They evaluated the instrument's items in relation to its applicability, clarity, specificity of instructions, potential bias, redundancy and incompleteness. Each of these concepts was scored according to a numerical Likert scale, in which the higher the score the better the judgment (14) . The following summary measures of the final scores of validation were described: range, median, average and standard deviation.
The instrument's inter-observer reliability was evaluated by three researchers in a random sample of 43% of papers included, with masking. The Intra-class correlation coefficient (ICC) was used with a confidence interval of 95%.
Each item of the instrument was considered as a quality criterion to measure noise in the neonatal environment; the percentage of studies that met each criterion was calculated.
Results
The bibliographic search was carried out between the inclusion of an item on the calibration of instruments and the removal of some items related to architecture.
Electronic Sources n=9
Key words n=50
Title of the study The 40 studies included in the review were divided into Group A with 24 studies that measured noise only in the NICU and Group B with 16 studies (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) that measured noise both in the NICU environment and in the incubators. The percentages of adherence to quality criteria evaluated by the instrument are presented in Table 1 . Group A Group B (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) 
Discussion
The instrument that evaluated the studies included in the review displayed satisfactory face validity (14) (79%). It was also reliable in relation to inter-observer variability according to ICC values, except in Module II, in which difficulties characterizing the neonatal environment were found.
The evaluated quality criteria were most completely verified in the studies that measured noise only in the NICU (Group A) compared to those that also measured noise in incubators (Group B). Such a fact demonstrates the complexity of this task that requires specific and detailed projects.
Characterization of the neonatal environments
Because of the way sound waves propagate, measuring the area's physical dimensions and carefully evaluating the architecture of the places where noise will be measured are steps that enable appropriate planning of the measurement strategies (13) . Most of the studies in Group A (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) were more rigorous in relation to these aspects than those in Group B (39) (40) (41) (42) . use, are directly proportional to the occupancy rate (12) .
This information was observed in only 25% of the studies in Group A (28) (29) (31) (32) (33) (34) and in 6% of the studies in Group B (43) .
Life support devices in use are one of the main sources of noise in an NICU (12) . A total of 57% of the studies considered the presence of such devices in the measurement strategies. The studies that addressed this issue in more detail were those whose objective was related to the identification of sources (19, 24, (28) (29) (30) (33) (34) (35) (36) , associated with the adoption of interventions to reduce environmental noise (20, 23, 41, 44) .
Only recently did the use of material capable to absorb sound emerge and become consolidated (6, 12) .
Easily cleaned flooring and covering were already in use due to the need to prevent and control infections, but result in a high level of reflection of sound waves (12) .
Such a situation may explain why acoustic treatment is only reported in 33% of the studies in both groups (23) (24) (25) 27, 31, 41, (44) (45) conducted from 2000 on in units that carried out structural changes to reduce noise levels.
NBR 10.151 (13) establishes that the measurement of noise levels should also take into account the external area of the place that contains the sources. Few studies (10%) report the level of noise in the external area near the neonatal environment; the number of such studies is higher in Group A (15, 20, 33) than in Group B (40) .
Measurement method
All the studies described the measurement equipment and the most frequently used were Sound Pressure Level (SPL) measurers as recommended by NBR 10.151 (13) . More recent studies (23, 27, 31, 33, 37, 44) also used computer systems with programs to acquire and process noise, which allows more time to capture the noise and more flexibility in analyzing it. The analysis of different sound frequencies motivated the use of octave bands (46) (47) (48) .
All the analyzed studies measured in dB, complying with standards and recommendations found in the specific literature (11, 13) . However, the standards used were reported only in a few studies in both Groups, A (20, (22) (23) (24) 29, (33) (34) and B (45) (46) . It is important to note that these recommendations are usually generic and may not cover the specific complexity of measuring sound in neonatal environments due to the diversity of the units' physical characteristics, sources, and type of care required.
One example is the recommendation (13) (11) , was the most used. Filter types C or L (11) are the most recommended to measure intense noise of short duration. Of the eight studies that aimed to measure noise with these characteristics, three used filter type C (19, 25, 34) and two type L (27, 49) . (11) .
The Leq measure, strongly recommended, was used in 71% of the studies in Group A (16, (20) (21) (23) (24) (25) 27, (29) (30) (31) (32) (33) (34) (36) (37) (38) and in 44% of Group B (41) (42) 44, 46, (49) (50) (51) . It is important to note that this type of measurement was more frequently observed from the 1990s on, perhaps due to the technological development of measurement equipment and the availability of PCs and software.
Identifying sources of impulsive noise is an essential aspect in the decision concerning what interventions to reduce noise will be required. This type of source was discriminated in 75% of the studies in both groups.
In Group A the following were identified: life support device alarms (17, 22, 24, (27) (28) (29) (30) 32, (34) (35) ; conversation (19, (21) (22) (24) (25) 28, 30, 32, 34, 37) ; handling of cupboards, drawers, bins and doors (24, (26) (27) 30, 32) ; falling objects (24, 30) ; moving furniture and equipment (17, 22, 30) ; telephones (28, 30) ; use of sinks (27) , and transit of professionals (17) . In Group B, in addition to the equipment alarms (40) (41) (42) 44, 48, (51) (52) and conversation (41, (43) (44) (49) (50) (51) , team activities near the incubators were also observed (41, (50) (51) , opening and closing hatches (49) (50) , voluntary and involuntary contact with the dome (50) , and the handling of doors and drawers (49) . The most frequently used strategy to identify these sources was recording, in specific instruments, the points when impulsive noises were emitted and their respective sources with later association to the measured noise levels (17,24,28,30,32-34,37, 
Another important aspect consists of associating measured noise levels with the days of the week and periods of the day due to oscillations in the care routine of the NICU. Frequent events that occur randomly such as case discussions, urgent situations and admissions should also be considered. This association was predominantly observed in Group A, between measured levels and days of the week or periods of the day (16, (19) (20) (21) (23) (24) 27, 30, (32) (33) (34) (37) (38) and between measured levels and different events (16, (19) (20) (21) 24, (32) (33) (34) (37) (38) . Only two studies (50) (51) in Group B associated the measured levels with the days of the week or periods of the day.
The main difficulty faced in this review was assessing the time of acquisition of sound and evaluating its representativeness, clearly and concretely reported in only one study (27) . The variability related to the different periods of the day, days of the week and work shifts need to be taken into account (19) as well as the frequency of the different events that are part of the care routine of an NICU.
Specific aspects of measurement inside incubators with newborns
Given the reduced area, the placement of a microphone in an incubator is an issue even more critical than in the environment and there is no specific regulation available. Most of the studies in Group B (39, (41) (42) (44) (45) (46) (49) (50) (52) (53) (54) reported the microphone was placed near to one of the newborn's ears, not exactly describing the position. To avoid interference of any vibration produced in the incubator, we suggest keeping the microphone suspended without contact with any surface (11, 47) .
Two third of the studies (39, (41) (42) (44) (45) 47, 49, (52) (53) (54) considered the situations that directly interfere in the noise levels captured inside the incubators -life support devices used by the newborn and exposure to noise of the unit through the incubator's main door and hatches. However, only few of them (40) (41) (49) (50) 54) described the association between the handling of the incubator and occurrence of noise peaks in its interior. Situations such as opening and closing the hatches or the intensive care door, moving the mattress tray, or putting objects on the dome may produce noise that varies from 78 to 93 dB (10) .
All and any exposure to continuous noise of low frequency such as the incubator's motor, medium frequency (human voice), high frequency (alarms of equipment, telephones) and also noise originating from the handling of incubators, should be considered during the measurement of their interior because these represent potential risks to the newborns' health (2) .
Study design
Methodological rigor, necessary to ensure internal and external validity and also the reliability of the obtained results, was not observed in most of the studies.
The calibration of equipment, a mandatory procedure before performing measurements (7, 11, 13) , was reported in 67% of the studies in Group A and in 56% of Group B.
The number of people present in the unit during the measurement was recorded in few studies (24, 27, (31) (32) (33) (34) 44, (50) (51) . This is an important determinant of noise levels (30, 32, 44) given the activities performed by people (30, 43) , specifically conversation (25, 30, 32, 34, (43) (44) .
A concern in masking the real point when the measurement was taken was not observed in most of the studies. It may lead to biased results since the behavior of individuals in general may change during observation.
Information concerning training/sensitization of people before measurement was found mainly in studies the objective of which was to evaluate the levels of noise before and after interventions aimed to modify the behavior of the team (17, 23, 26, 29, 37, (43) (44) .
Verifying how noise was sampled and the representativeness of these samples was another difficulty
faced. An important obstacle consists of establishing a concept of sample representativeness since noise levels oscillate according to the dynamic functioning of the NICU. One possibility would be to consider the events that can be prevented. A total of 37% of the analyzed studies described a sample considered representative by the instrument (16) (17) 19, (23) (24) 27, 30, (32) (33) 36, (40) (41) 44, (50) (51) . The sample design was not identified in the remaining; if it existed, it was not described. Even if there was no intention to intervene, an important aspect for the quality of the study design is the clear description of the sample design. In terms of sample size, the increase in the sample representativeness is directly proportional to a longer time of acquisition of sound and a lower time of integration of noise.
Potential sources of measurement variability are many and diverse and could be the object of reliability analysis. Analysis of the reliability of field records to identify sources of noise and related events is observed in some studies (24, 30, 32, 41, 49) . The researchers were previously trained and the observation results were concomitantly compared to evaluate reproducibility.
Final considerations
This review showed evidence of great variability in relation to the methods employed to measure noise 
